To measure effects of diet on feedlot performance, carcass characteristics, and beef appearance, 144 crossbred beef steers (333 ± .44 kg) were allotted within weight block (3) to a randomized complete block design with a 2 × 3 factorial arrangement of dietary treatments. Main effects were grain (barley or corn) and level of potato by-product (PB) (0, 10, or 20% of diet DM). Steers were fed diets containing 83% concentrate (grain plus PB), 10% supplement, and 7% alfalfa on a DM basis for an average of 130 d. Level of PB quadratically affected (P < .10) DM intake and gain such that steers fed 10% PB ate more and gained faster. Corn-fed steers were more (P < .05) efficient (5.8 vs 6.3 kg DM/kg gain) and had more (P < .05) kidney, pelvic, and heart fat (2.2 vs 2.0%) than barley-fed steers. A
Introduction
Potato (Solanum tuberosum) by-products (PB), barley (Hordeum vulgare), and corn (Zea mays) are commonly used in beef feedlot diets in the United States and Canada. Previous research has shown average daily gain, feed efficiency, and carcass characteristics were not adversely affected until PB exceeded 51.9% of DM in barley-based diets (Heinemann and Dyer, 1972; Heinemann et al., 1978a,b) . Variable effects of grain source (barley or corn) on feedlot performance (Duncan et al., 1991; Boss and Bowman, 1996) and carcass characteristics (Gray and Stallknect, 1988; Duncan et al., 1991; Burgwald et al., 1992; Miller et 
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grain × PB interaction was detected (P < .10) for marbling score, which was minimized in steers fed barley diets (small 0) but maximized in those fed corn diets (small 30) at 10% PB. Diet did not affect beef firmness or beef color score. Barley-fed beef had whiter fat (P < .05) than corn-fed beef (2.6 vs 2.9 on a 1 to 7 scale); however, fat luster score was not affected by diet. Small differences were noted in fatty acid profile, purge, drip loss, and muscle pH. No differences were noted in color measurements due to dietary treatment over 7 d of retail shelf life. Overall, differences were small and probably not biologically important. These results indicate that these diets had minimal effects on beef appearance and carcass characteristics, meat composition, and water retention properties.
al., 1996) have been obtained. Barley-based diets have resulted in carcasses with firmer, whiter fat than carcasses of animals fed corn-based diets (Jeremiah et al., 1998) . However some meat retailers, purveyors, and chefs in North America and Japan believe barley/ potato-fed beef is softer, more watery, and inferior in color compared to corn-fed beef. Consequently, marketing options for barley/potato-fed beef have been limited by these perceptions. Conversely, Miller et al. (1996) reported the claim that feeding beef cattle a barley-based diet enhanced beef quality over that of cattle fed corn-based diets. This study was designed to determine effects of barley-or corn-based diets containing 0, 10, or 20% potato by-products (dry matter basis) on feedlot performance, carcass characteristics, beef appearance, and meat composition, wateriness, pH, and color stability.
Materials and Methods
This experimental protocol was approved by the Washington State University Animal Care and Use Committee (Protocol no. 1601). All procedures conformed to the Guide for the Care and Use of Agricul- (Consortium, 1988) .
Animals and Feeding.
One hundred forty-four crossbred yearling steers (333 ± .44 kg) were vaccinated against blackleg, malignant edema, black disease, gasgangrene, enterotoxemia, enteritis, and disease caused by Haemophilus somnus with Ultrabac 7/Somubac (Pfizer Animal Health, New York) and bovine viral diarrhea, bovine rhinotracheitis virus, parainfluenza-3 virus, and bovine respiratory syncytial viruses with Pyramid 4 (Fort Dodge Laboratories, Fort Dogde, IA), treated for parasites with IVOMEC-plus (MSD-AgVet, Rahway, NJ), and implanted with Ralgro (Pitman-Moore, Inc., Terre Haute, IN). Steers were blocked by initial weight obtained in two consecutive days after a 12-h feed deprivation into three blocks and randomly assigned within weight block to one of six pens (eight steers/pen). Each pen was 4.9 × 15.2 m with a roof that covered the feed bunk and 5 m of the pen. Pens, within block, were randomly assigned to dietary treatments in a 2 × 3 factorial arrangement. Main effects were grain (barley, var. baroness, or corn, var. Pioneer Hibred 3489) and level of potato by-product (0, 10, or 20% of DM). The PB consisted of uncooked potato pieces (hopper box) ensiled in a covered bunker silo until fed. Steers were adapted over a 20-d period to the final finisher diet of 83% concentrate (0, 10, or 20% PB plus 83, 73, or 63% dry-rolled grain [barley or corn]), 10% supplement (Table 1) , and 7% alfalfa on a DM basis. Steers were fed, on a DM basis, diets of 50% concentrate, 40% alfalfa, and 10% supplement for 10 d, then diets of 70% concentrate, 20% alfalfa, and 10% supplement for the last 10 d of adaptation. Potato by-product was increased in 10 percentage-unit increments in each of the two adaptation diets. Grains were dry-rolled with the roller mill set at 1 mm between rolls and 11,567 kg of pressure. Alfalfa was chopped through a 2.54-cm screen. Water was added to the 0% PB diets to reduce DM content to 80%. Diets were formulated to meet or exceed the nutrient requirements of the steers (NRC, 1996) and contain at least 13.6% CP, .52% Ca, .26% P, .15% S, .65% K, .10% Mg, 8 g tylan/t, 30 g rumensin/t, and 2,200 IU vitamin A/kg and provide 417 IU vitamin E/d. Dry-rolling was the preferred processing method because it increases digestibility and reduces bloat compared to feeding whole barley, and steam rolling offers little additional advantage (Ørskov, 1979; Mathison, 1996) . Additionally, NRC (1996) concluded that differences in net energy of corn due to processing method were small with diets containing less than 20% roughage.
Steers were pen-fed once daily and were individually weighed without water or feed restriction at 28-d intervals. The heaviest block was slaughtered after 120 d, the middle block after 130 d, and the lightest after 140 d on feed. Steers were shipped 320 km from the feedlot to a commercial plant, where they were humanely slaughtered the day of shipping. Samples of all feeds were collected weekly and composited (wt/wt) on a DM basis. Composite samples were ground to pass a 1-mm screen in a Wiley Mill after air drying. Samples were analyzed for DM by oven-drying at 50°C, OM by ashing at 600°C for 6 h, CP by macro-Kjeldahl (AOAC, 1990), NDF by procedure A of Van Soest et al. (1991) , fatty acid content (Sukhija and Palmquist, 1988 ) using toluene extraction and C24:1 as an internal standard, and starch (Å man and Hesselman, 1984) . Whole barley and corn samples, after cleaning, were measured for volume weight and kernel size distributions. Plump barley kernels were defined as kernels retained on a .24-× 1.91-cm sieve, medium kernels were retained on a .20-× 1.91-cm sieve, and thin kernels passed through a .20-× 1.91-cm sieve (USDA, 1975) . Whole corn kernels were defined as kernels retained on a .48-cm round-hole sieve, broken corn kernels were retained on a .24-cm round-hole sieve, and broken corn kernels and foreign material passed through a .24-cm, round-hole sieve (USDA, 1975) . Sieves used were manufactured by Seedburo Equipment Co., Chicago, IL.
Dry-rolled barley and corn samples were separated using tared Tyler Standard Screen Scale Sieves (W.S. Tyler Co., Cleveland, OH) with 2,000-, 1,000-, 500-, and 250-m openings with a bottom pan. Samples were dry-sieved by being placed on the top sieve and shaken in a mechanical horizontal-plane shaker until equilibria of weight retained was reached (Nelson, 1988) .
Standard normal deviates (probits) of cumulative fraction of weight undersize (y) or passing through a sieve size (x) were fitted to the equation y = a + b log 10 x. For each logarithmic normal distribution, log 10 mean particle size (log 10 ) and log 10 standard deviation (log 10 σ) were estimated by −a/b and 1/b, respectively (Waldo et al., 1971) .
Dry sieving was selected as the method of choice because Van Soest (1994) suggested that dry sieving tended to separate particles by cross-sectional diameter, whereas wet sieving separated particles by length. Therefore, dry sieving was more appropriate for cuboidal particles.
Carcass Data Collection and Muscle Sampling. Carcasses were chilled for 24 h at −1 to 0°C, and then carcass measurements at the 12th rib, including fat thickness; longissimus muscle area (by the grid); USDA marbling and maturity scores, percentage kidney, pelvic, and heart fat; USDA yield and quality grades (USDA, 1996) ; Japanese beef color, brightness, firmness and texture, fat color, and fat luster scores (JMGA, 1988) , were obtained by trained university personnel. A boneless strip loin roast was removed beginning at the 13th rib and continuing to a horizontal cut made between the 4th and 5th lumbar vertebrae of the left side of four randomly selected carcasses per pen (72 total). This resulted in 2.25-kg to 2.75-kg strip loins, which were vacuum-packaged and transported in coolers with ice to the Washington State University Meat Laboratory. Loins were aged at 1°C until 14 d postmortem.
Final steer weights for calculation of live weight gain and feed-to-gain were hot carcass weight divided by a 63 dressing percentage accounting for an additional loss of 3% live weight in transit. The NE m and NE g content of the diets were numerically iterated (Zinn and Owens, 1993) (Lofgreen and Garrett, 1968) .
After aging, the vacuum package was opened, percentage purge (moisture loss during aging) was determined, and strip loins were trimmed to less than .2 cm of fat. Beginning at the 13th rib (anterior end) of the strip, three 2.5-cm steaks were sliced. The first two were used for Warner-Bratzler shear and trained laboratory sensory panel evaluation reported in the companion paper (Busboom et al., 2000) , and the third was used for determination of color and purge during retail storage. A .635-cm slice was then removed for DM, CP, ether extract, and fatty acid analysis. A 1.27-cm slice was then removed and the medial half was used for pH determination and the lateral half for drip loss measurement. Samples for lean tissue composition were trimmed of all exterior fat and connective tissue, placed in Whirl Pack bags, frozen, and stored at −40°C for up to 10 wk before analysis.
Drip Loss, pH, and Proximate Analysis. The lateral half of the 1.27-cm longissimus muscle slice was weighed, placed in a Whirl Pack, and hung by a fishhook in a 1°C cooler. After 24 h, the fishhook was removed and the sample was weighed to determine percentage drip loss.
The pH was determined at 14 d postmortem on a Fisher Scientific (Pittsburg, PA) Accumet Basic pH Meter with a combination electrode after mincing a 5-g (wet weight) sample in 20 mL of distilled water with a Tenbroeck tissue grinder (Pyrex no. 7727-40) at 17°C. Percentages of moisture, fat, and protein were determined using oven drying at 50°C, Goldfisch ether extraction, and Kjeldahl methods, respectively (AOAC, 1990) .
Fatty Acid Analysis. Total lipids were extracted in duplicate from lyophilized muscle (100 mg) and then saponified following procedures described in detail by Xie et al. (1996a,b) . At the end of saponification, 3 mL of H 2 O was added. The unsaponifiables were extracted twice with 3 mL of hexane. One milliliter of concentrated HCl was added to the alkaline solution to release free fatty acids, which were extracted with 3 mL of hexane.
The free fatty acids were methylated with boron trifluoride-methanol following the procedure described by Morrison and Smith (1964) . Fatty acid methyl esters were analyzed by gas chromatography using the equipment and procedures described in detail by Xie et al. (1996a,b) Color/Purge Analysis. Steaks for shelf life evaluation were packaged in retail Styrofoam trays with oxygenpermeable overwrap and placed in a cooler at 2 to 3°C. A trained, four-member panel independently scored each sample on d 0, 1, 3, 5, and 7 after packaging for color (6 = bright cherry red, 5 = cherry red, 4 = red, 3 = slightly brown, 2 = brown, 1 = very brown) and purge (1 = no purge, 2 = very small amount of purge, 3 = small amount of purge, 4 = moderate purge, 5 = slightly abundant purge, 6 = abundant purge). Panelists' scores were averaged for statistical analysis. Steaks were stored and scored under 1,075 lx from GE soft white fluorescent bulbs. A MiniScan XE LAV (Hunter Lab, Reston, VA) spectrocolorimeter was used to obtain L*, a*, and b* values using D65 illuminant and the 10°standard observer settings. Readings were obtained at six different locations on the exposed lean surface of each steak. Large pieces of connective tissue and fat were avoided, and the six readings were averaged for statistical analysis.
Statistical Analysis. For all variables except from the shelf life evaluation, data were analyzed as a randomized complete block design with a 2 × 3 factorial arrangement of dietary treatments (Steel and Torrie, 1980) . The model included grain, PB level, grain × PB, weight block, and grain × PB × weight block. For retail color and purge scores and L*, a*, and b* values, data were analyzed as a randomized complete block design with a 2 × 3 factorial arrangement of dietary treatments with repeated measures over time. Grain × PB level × weight block was used as the error term for testing grain, PB level, and grain by PB level. Linear and quadratic effects of level of PB were calculated (Steel and Torrie, 1980) . Residual error was the error term for storage time and interactions with grain, PB level, and the three-way interaction. Data were analyzed using the GLM procedure of SAS (1988).
Results and Discussion

Feedstuff Description and Composition
Volume weights of whole barley and corn averaged 71.7 and 74 kg/hL on an air-dry basis and 64.2 and 63.6 kg/hL on a DM basis, respectively. Volume weights of dry-rolled barley and corn averaged 46.4 and 56.0 kg/ hL on an air-dry basis and 43.6 and 50.2 kg/hL on a DM basis, respectively. The proportion of plump, normal, and thin barley kernels averaged 92.5, 6.5, and 1.0%, respectively. The proportion of whole corn kernels, broken corn kernels, and broken corn kernels and foreign material averaged 95.5, 2.7, and 1.7%, respectively. Both grains were U.S. No. 1 (USDA, 1975) .
Dry-rolled barley and corn sieve data seemed to adequately fit the logarithmic normal distribution (Waldo et al., 1971) . Mean r 2 values were .92 and .90, skewness values were .75 and .26, and kurtosis values were −.92 and 1.03 for barley and corn, respectively. Average log 10 values were 3.37 and 3.78 and log 10 σ values were .38 and .54 for dry-rolled barley and corn, respectively.
The barley (Table 2) had lower CP but similar starch, fiber, and ash values compared to those reported by Duncan et al. (1991) , by NRC (1984) for Pacific coast barley, and by NRC (1996) for heavy barley grain. The corn (Table 2) also had lower CP but similar starch, fiber, and ash values compared to those reported by Duncan et al. (1991) and NRC (1996) . However, the corn was very similar in composition to the nationwide average for this variety (R. Weber, Pioneer Hi-Bred International, Yakima, WA, personal communication). The PB (Table 2 ) contained greater CP than NRC (1984) and greater CP and fiber but similar starch compared to that in our previous studies (Duncan et al., 1991) . The feeder-quality alfalfa hay (Table 2) was similar in composition to alfalfa, late bloom in NRC (1996) . Total fatty acid content of barley and corn were similar, but that of alfalfa was lower than fatty acid content reported by Palmquist (1988) and Nelson et al. (1998) . Barley fatty acids contained more C16 and less C18:2 than those measured by Palmquist (1988) , Miller et al. (1996) , and Nelson et al. (1998) . Corn fatty acid profiles were similar to those reported by Palmquist (1988) . Alfalfa fatty acids contained more C16 and C18 but less C18:2 and C18:3 than those reported by Palmquist (1988) and Nelson et al. (1998) . The fatty acid content of the diets was low, so the fatty acids deposited in muscle tissue would be largely from adipose tissue synthesis and smaller amounts from microbial synthesis.
Feedlot Performance. Main effect means were presented when the grain × level of PB interaction was not significant. Dry matter intake and ADG were not affected (P > .05) by diet and averaged 8.8 ± .10 kg/d and 1.4 ± .02 kg/d, respectively (Table 3) . However, both DMI and ADG tended (P < .10) to be affected quadratically by the level of PB because steers fed 10% PB ate more and gained faster than those diets without PB. Even though DM content of the diets without PB was reduced to 80% by water addition, the 10% PB and 20% PB diets averaged 65.5% DM and 50.3% DM, respectively, which may have affected palatability. Barley-fed steers were less (P < .05) efficient in feed efficiency than corn-fed steers (6.3 vs 5.9 ± .10 kg DM/ kg gain).
Barley cultivars vary in feeding value (Ovenell et al., 1998a,b,c) and also vary in feeding value relative to corn. One trial of Duncan et al. (1991) and Boss Level of potato by-product (P < .10). and Bowman (1996) reported corn-fed steers ate more, gained faster, and were more efficient than barley-fed steers. However, Combs and Hinman (1988) reported that tempered barley and dry-rolled corn resulted in the same animal performance, Gray and Stallknecht (1988) reported that whole corn and dry-rolled barley resulted in the same animal performance and Duncan et al. (1991) reported the same animal performance when steers were fed steam-rolled barley or steamrolled or dry-rolled corn. Burgwald et al. (1992) reported no differences in ADG or feed efficiency of mature beef cows fed high-grain diets based on barley or corn. Therefore, feeding value of cultivars of both barley and corn differ and improved descriptions of grains are essential to proper interpretation of these comparisons. Calculated diet NE m and NE g contents were lower (P < .05) for barley diets (2.05 ± .04 and 1.39 ± 1.03 Mcal/kg, respectively) than for corn diets (2.19 ± .04 and 1.51 ± .03 Mcal/kg, respectively). Using 1.31 Mcal NE m /kg and .74 Mcal NE g /kg for alfalfa hay (NRC, 1996) gave dry-rolled barley NE m and NE g contents calculated by difference of 2.15 and 1.47 Mcal/kg, respectively, which were similar to those reported by Zinn (1993) . Dry-rolled corn NE m and NE g contents, calculated by difference, were 2.34 and 1.63 Mcal/kg, respectively, which were similar to those reported by NRC (1996) for flaked corn grain.
Carcass Traits. Grain source and level of PB had few significant effects on carcass traits. Hot carcass weight (321 ± 1.72 kg), longissimus muscle area (83 ± .21 cm 2 ), backfat thickness (.95 ± .03 cm), marbling score (320.5 ± 4.29, where 300-399 = small), percentage Choice grade (61.8 ± 3.12%), maturity score (67.1 ± .62), and yield grade (2.47 ± .04) did not differ due to dietary treatment (Table 3) . However, barley-fed steers had a lower (P < .05) percentage of kidney, pelvic, and heart fat (KPH) than corn-fed steers (2.0 vs 2.2%).
Beef color (2.4 ± .04 on a 1 = very pale to 7 = very dark scale), beef brightness (3.2 ± .05 on a 1 = very dull to 5 = very bright scale), beef firmness (3.6 ± .04 on a 1 = very soft to 5 = very firm scale), and fat luster (3.3 ± .04 on a 1 = poor to 5 = very good scale) did not differ due to dietary treatment (data not shown). However, beef texture (1 = very coarse to 5 = very fine scale) was quadratically affected (P < .05) by level of PB and averaged 3.2, 2.8, and 3.2 ± .10 for 0, 10, and 20% PB, respectively. No biological explanation for this response was apparent. Fat color (1 = very white to 7 = very yellow scale) was slightly whiter (P < .05) for barley-fed than for corn-fed steers and averaged 2.6 vs 2.9 ± .08, respectively. Gray and Stallknecht (1988) reported no differences in carcass characteristics of barley-fed and corn-fed steers. Similarly, Miller et al. (1996) reported no differences in hot carcass weight, longissimus muscle area, KPH, yield grade, or lean color, texture, or firmness between those fed barley or corn. However, they also reported greater marbling score but less backfat thickness for barley-than for corn-fed carcasses. Burgwald et al. (1992) also reported less backfat thickness but greater longissimus muscle area and yield grade in carcasses of cows fed barley compared to corn. Therefore, variable results have been obtained when comparing barley-and corn-fed carcasses. Differences observed in the current study are small and are probably not biologically important.
With barley-based finishing diets, Heinemann and Dyer (1972) noted no effect of level of PB (0, 15.4, 27.8, 42.5, or 51.9% of DM) on DMI, feed efficiency, or beef color. Except for steers fed the highest level of PB, ADG and quality grade did not differ. However, steers fed diets containing lower levels of PB had greater ADG, marbling, and quality grade than those fed diets without PB. In general, PB has at least equivalent energy content to the grain it replaced up to 42.5% of DM and probably results in positive associative effects when rate of fermentation is slowed (Duncan et al., 1991) . This suggests that the presence of PB in the diet reduced subacute acidosis, which allowed increased DMI and thus increased ADG.
Muscle Composition. Dietary treatment did not affect (P > .10) beef DM (27.5 ± .14%), ether extract (15.8 ± .52%), CP (76.2 ± .42%), or total fatty acid content (10.6 ± .31 g fatty acid/100 g DM). However, muscle (Table 4 ) from barley-fed steers contained a lesser (P < .05) proportion of 14:0 than that from corn-fed steers (3.6 vs 3.9 ± .07 g/100 g fatty acid) but greater (P < .05) proportions of 17:0 (2.0 vs 1.9 ± .05 g/100 g fatty acid) and 17:1 (1.6 vs 1.4 ± .03 g/100 g fatty acid). Proportions of 17:0 and 17:1 decreased linearly (P < .05) as level of PB increased from 2.1 to 1.8 ± .06 g/ 100 g fatty acid and from 1.6 to 1.4 ± .04 g/100 g fatty acid, respectively. A grain × level of PB interaction was detected (P < .05) for proportion of 18:0 due to level of PB increasing the proportion of 18:0 with barley diets but decreasing the proportion of 18:0 with corn diets. These proportions of fatty acids, for muscle from barley-and corn-fed steers, are similar to those reported by Miller et al. (1996) , who noted no differences due to diet, but our differences due to treatment were small. Beef flavors have been attributed to fatty acid composition and water-soluble aromatics in lipid deposits (Love and Pearson, 1971) , and the intensity of cooked beef flavor increases as the number of days cattle are fed corn-based diets increases (Bowling et al., 1978; Schroeder et al., 1980; Tatum et al., 1980) . Therefore, we did not expect to find differences in beef flavor due to diet fed because differences in fatty acid content and composition were small and days fed did not differ.
Purge, Drip Loss, and pH. A grain × PB interaction was detected (P < .05) for drip loss due to greater drip loss at 10% PB with barley diets and greater drip loss at 20% PB with corn diets (Table 4) . However, differences were of small (≤ .4 percentage unit) magnitude. Purge score increased cubically (P < .001) by day (Table  5 ) but was not affected by dietary treatment, except it tended (P < .10) to be greater for barley-than for corn-fed carcasses (2.1 vs 1.8 ± .12%). Muscle pH decreased linearly (P < .05) as level of PB increased and averaged 5.78, 5.78, and 5.75 ± .008 for 0, 10, and 20% PB, respectively. Contrary to perceptions, dietary treatment did not result in biologically important differences in drip loss, purge, or pH. Cubic effect of day (P < .01).
c Quadratic effect of day (P < .001).
d
Color score: 1 = very brown to 6 = bright cherry red.
L*, a*, b* Retail Color Score. The diet fed did not affect (P > .10) L* (37.2 ± .26), a* (24.4 ± .14), or b* (21.2 ± .08) values or retail color score (4.5 ± .14). However, L* decreased quadratically (P < .001) and, a*, b* and retail color score decreased cubically (P < .01) as length of retail storage increased (Table 5 ). In summary, only small differences were noted in feedlot performance, carcass traits, or meat composition and appearance. The barley contained, on average, 93% of the energy content of corn calculated from feed efficiency and NE m and NE g contents. Carcasses from barley-fed steers had less KPH and whiter fat and the beef had slightly different proportions of fatty acids than that of corn-fed steers. Level of PB had only small effects on beef texture and proportions of beef 17:0 and 17:1. Dietary treatments had no biologically important effects on drip loss, purge, pH, or shelf-life color stability.
Implications
Due to only small effects of dietary treatment on beef firmness, wateriness, color, or color stability, the perception that barley-fed beef are inferior or superior to corn-fed beef were not substantiated. Further, the perception that feeding potato by-product results in inferior beef was also not validated. Therefore, the differences noted in beef quality due to diet should not affect marketing options for beef.
